Angiotensin II-induced p53-dependent cardiac apoptotic cell death: its prevention by metallothionein.
Apoptotic cell death was found to play a critical role in the development of diabetic cardiomyopathy. As one of pathogenic components of diabetes angiotensin II (Ang II) induced cardiac cell death in vitro and in vivo through induction of reactive oxygen and nitrogen species. However, Ang II-induced cell death signaling in the heart remains unclear. The present study was to investigate whether Ang II induces p53 expression and activation and if so, whether Ang II-induced cardiac cell death is p53-dependent, and whether a potent antioxidant metallothionein (MT) prevents Ang II-induced p53 expression, and associate apoptotic cell death signaling. A cardiac cell line (H9c2) was exposed to Ang II. We found that exposure of H9c2 cells to Ang II at 10, 50 and 100 nM for 24 h induced a significant apoptotic effect, measured by DNA fragmentation and cleaved caspase-3. Induction of apoptotic cell death by Ang II can be completely blocked by p53 inhibitor Pitithrin-alpha. Exposure of H9c2 cells to Ang II also significantly increased p53 phosphorylation, DNA double strand breaks and Bax/Bcl-2 ratio. All these effects were not observed in H9c2MT7 cells that forcedly overexpresses human MT-IIA gene, suggesting the preventive effect of antioxidant MT against Ang II-induced p53 activation and its apoptotic death signaling. Furthermore, the in vitro finding was validated in animal models by supplying Ang II to wild-type mice (WT) and MT-TG mice that has cardiac-specifically overexpressed MT gene. Ang II-induced significant up-regulation of p53 expression along with an increase in Bax/Bcl-2 ratio in the hearts of WT mice, but not MT-TG mice. These results suggest that Ang II-induced cardiac apoptotic cell death is mediated by p53 apoptotic signaling pathway, which is related to oxidative stress. Antioxidant MT can completely prevent Ang II-induced p53 activation and associated apoptotic effect in the heart.